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1.0  INTRODUCTION 


The  work  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC) , Air  Force  Systeme  Command  (AFSC),  under 
Program  Element  65807F,  Control  Number  9 R02-d5-8.  The  project  monitor 
for  AEDC/DOTR  was  Mr!'  A.  F.  Money.  The  results  were  obtained  by  ARO, 
Inc.,  AEDC  Division  (a  Sverdrup  Corporation  Company),  operating  con- 
tractor for  the  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee.  This 
test  was  conducted  in  the  Aerodynamic  Wind  Tunnel  (4T)  of  the  Propulsion 
Wind  Tunnel  Facility  (PVTr).  August  23,  197S  under  ARQ  Project  Number 
P41C-20  and  was  in  support  of  Technology  Project  V32A-R4. 


The  primary  objectives  of  the  wind  tunnel  program  were  to  evaluate 
the  new  AEDC  High  Alpha  Roll  Dynamics  System  for  large  models  and 
obtain  scaling  paraiaeter  Information.  Data  were  obtained  at  Mach  numbers 
0.22  through  1.15  for  a Reynolds  number  per  ft  range  of  0.69  x 10^  through 
2.50  X 10^,  at  angles  of  attack  -5  to  25  deg,  and  spin  races  up  to 
approximately  ten  thousand  RPM.  The  model  configurations  (L/D  of  10, 

D • 4.5  in.)  Included  the  8.1310  Pinner  and  the  Modified  Basic  Pinner. 

The  test  data  were  compared  with  the  test  results  obtained  in  the  PUT 
Tunnel  4T  (ARO  Project  Number  P41C-A0A)  and  the  von  Rarm.in  Gas  Dyi\;imlcs 
Facility  (VKF)  Tunnel  A (ARO  Project  Number  V41A-ASA)  during  1976  utilizing 
the  same  configurations  on  a smaller  scale  (D  ■ 1.8  in.).' 

A copy  of  the  final  data  is  on  file  on  microfilm  at  AEDC.  Requests 
for  those  data  should  he  .\ddressed  to  AEDC/DOTR,  .Arnold  Air  Force  Station, 
Tennessee  37389. 


2.0  APPARATUS 


2.1  TEST  FACILITY 

Tunnel  4T  is  a closed  loop,  continuous  flow,  variable-density 
tunnel  in  which  the  Mach  number  can  be  varied  continuou.sly  from  0.1  to 
1.3  and  can  bo  set  at  discrete  Mach  numbers  of  1.6  and  2.0  by  pl.icing 
nozzle  Inserts  over  the  permanent  sonic  nozzle.  The  stagnation  prc.ssure 
can  be  varied  from  mOO  to  3,400  p.sfa  at  a majority  of  the  Mach  numbers. 
The  test  section  Is  4-ft  square  and  12.5-ft  long  with  perforated, 
variable  porosity  (0.5-  to  10-pcrccnt  open)  walls.  It  is  completely 
enclosed  in  a plenum  chamber  from  which  the  air  can  he  evacu.ited, 
allowing  part  of  the  tunnel  .airflow  to  be  removed  through  the  perforated 
walls  of  the  test  section.  The  model  support  system  consists  of  a 
sector  and  sting  attachment  which  has  a pitch  angle  capability  of  -7.5 


.Jenke,  Leroy  M.  "Experimental  Roll-Damping,  Magnus,  and  Static- 
Stability  Charnctcrlstic.s  of  Two  Slender  Missile  Conf  Igurai  loi\s  at  High 
Angles  of  Attack  (0  to  90  Deg)  and  Mach  Numbers  0.2  through  2.5," 
AEDC-TR-76-58.  July  1976. 
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I V'  wM  with  ii'spi'ci  lo  ilu-  I unnc  1 iTnt  i- tl  Ini'  .ind  roll  c nii  ab  1 1 i ty 
of  -ibd  111  18('  doi;  about  Iho  stlnj;  ii-ntfr  1 luo . A movo  comph*te  descrip- 
tiou  o ! dll'  tunnel  may  be  tumid  In  the  Test  bad  11  ties  Handbook*'. 

rt;st  ahticm 

Mi'iK'i 

Iwu  .iluminum  models  (KIr.  1)  were  designed  and  lubricated  by  tlie 
AK.UC  tor  this  test.  One  of  them  is  oommonly  referred  to  as  the  Basic 
Kinner.  It  consists  of  a cone-cylinder  wltli  four  rectangular  fins. 

Overall  model  length  is  ten  calibers,  the  cone  lialf-angle  Is  10  deg, 
and  the  fins  are  approximately  one  caliber  in  chord  and  have  an  overall 
span  of  three  calibers.  A set  of  fins  with  a cant  angle  of  2.5  deg 
w.Ls  tested.  Another  configuration,  the  Modified  li.asic  Tinner  was  also 
tested.  It  utilized  the  same  body  but  u.sed  an  ogive  nose  and  four  fins 
with  .1  trapezoidal  pl.inform  and  zero  cant  angle. 

The  tiiodi-ls  were  dynaniicallv  balanced  in  roll  (il-in.  gr.)  at  tlie  ' ..1 
so  liiat  there  would  be  no  vibraiional  loads  on  the  b.ilance.  The  moments 
ol  iuerti.n  of  the  model  were  measured  and  are  considered  to  be  accurate 
to  tO.5  percent.  Installation  of  the  Basic  Tinner  Configuration  in  4T 
is  sketched  in  Tig.  2a;  a photograph  of  the  Modified  Basic  Tinner  is 
presented  in  Tig.  2h . 

2.2.2  Test  Median  l.sm 

I'lie  lUiOC  lligii  Alpha  Roll  Dynamics  test  mechanism  for  large  models 
(Tig.  3)  is  a sting  mounted,  four-component  balai  ce  vcruciform  design 
about  the  sting)  with  a shell  mounted  on  ball  bearings.  A pneumatically 
driven  turbine  is  mounted  near  the  aft  end  of  the  sting.  The  turbine 
whicli  can  be  eng.iged  to  the  model  mounting  shell  with  a pneumatic  clutch, 
spins  the  model  to  the  desired  speed,  and  then  is  disengaged  with  the 
clutch  to  allow  the  model  to  spin  freely  on  the  ball  bearings.  The 
tuiiiine  will  produce  a starting  torque  of  90  in. -lb  anu  a developed  torque 
ol  approximately  140  in. -lb.  A pneumatically-operated  brake  is  mounted 
immediately  aft  of  the  model  mounting  shell  aft  of  the  balance.  The 
br.ike  will  provide  a static  braking  moment  of  170  in. -lb  and  a demamic 
braking  moment  of  105  in. -lb.  The  rotational  speed,  roll  position,  and 
roll  direction  are  computed  from  the  electrical  pulses  produced  by  a ring 
with  alternating  reflective  and  nonref loctive  surfaces  passing  three 
intemally  mounted  infrared-emitting  diodes  and  phototransistors . The 
mechanism  is  designed  to  operate  under  normal-force  loads  up  to  1200  lb 
(1)000  RPM  max)  and  axial-force  loads  oi  150  lb  and  at  maximum  spin  rates 
of  .ipp  roxi  matelv  20,000  RPM  (600  lb  normal-force  load  max).  Maximum 
side  force  Is  240  lb  and  Is  Independent  of  spin  rate. 


'"Test  Taci  lit  les  lla^idhook  (Tenth  Edition).  "Propulsion  Wind  Tunnel 
K.acillty,  Vol  . 4,"  Arnold  Engineering  Development  Center,  May  1974. 
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2 . ’ . i (Uiiu  rol  ic‘r 

I’ ro>;rammablo  coi\(roJ  nf  cl»»i  inodol  Hiatus  and  the  data  acquisition 
iunputer  was  acconiplishod  by  a microprocessor-based  controller  (Fig.  4a)  . 
rills  cmurol  system, as  diagrammed  in  Fig.  4b,  automatically  releases  tlie 
mmlel,  spins  It  to  a spi  cifled  rale,  disengages  and  stops  the  turbine, 
initiates  and  stops  the  data  acquisition  computer,  applies  the  brake,  and 
tells  the  model  attitude  computer  to  move  the  mecljanism  to  the  next  angle 
of  attack.  This  makes  the  system  more  productive  and  is  especially  useful 
In  dnt.'i  acquisition  for  models  which  have  spin  down  times  of  a few  seconds 
(e.g.,  moilela  with  large  fins  and  small  inertias).  A valuable  feature  of 
this  control  sy.stem  is  the  programmed  monitoring  of  the  turbinc/cluLch/ 
brake  to  avoid  mechanism  damage. 

rKSl  INSTRltMf^lTATlON 

Model  forces  and  momenta  were  measured  with  the  new  AtUC  four- 
component,  force-type,  ,s t r.ai n-);age  balance.  The  small  outrigger  side  beams 
ol  the  balance  were  used  to  obtain  the  .sensitivity  required  to  measure 
sni.ill  side  loads  while  maintaining  adequate  balance  stiffnc.s.s  for  the 
lar);er  pitch  lo.ada.  A normal-force  to  side-force  capability  of  five  \-,s 
achieved  for  a 1200-lh  normal  force  loading.  The  transfer  distance  to 
the  model  moment  reference  was  measured  with  a precision  of  10.005  in. 

A model  grounding  strip  was  provided  on  the  sting  to  detect  modcl- 
stlng  fouling.  Brake  pad  temperature  measurement  was  made  with  an  iron- 
coos  tan  t.in  the  rmocouple . 

The  sting  pilch  and  roll  angles  were  sensed  by  a syncbrol  ransinl  i tor. 
.Sting  ilel  lections  due  to  loads  in  ;hc  normal  force  and  side  lorce  planes 
wore  calibrated  before  model  entry  into  the  tunnel.  During  testing,  the 
model  .ittllude  was  obtained  from  a combination  of  the  sting  attitude  and 
sting-balance  deflections  undei  aerodynamic  loads. 

All  steady-stale  measuremenls  were  .sequentially  recorded  by  an  on- 
line computer  system  In  which  the  data  were  reduced  to  engineering  units. 
All  transient  data  samples  were  .averaged  over  a defined  Interval  by  the 
011-1 fne  computer  system  which  then  reduced  and  tabulated  a specified 
number  of  averaged  samplco.  All  balance  measurements  and  the  model 
.nt  Li  lode  were  paralleled  to  a real-time  digital  data  acquisition  system, 
b.ilance  static  and  dynamic  limits  were  continually  monitored  during 
test Ing. 


1.0  TEST  DESCRIPTION 

1.  I IKSr  CONDn  iONS  AND  I’ROCEDIIRKS 

TIu’  lest  conditions  are  presented  n.s  follows. 
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- l'-p(TtWE-TlMJil)  + I’Hll  (3) 

Ki|iiatlon  ( })  was  fliii'd  to  npproxiinato ly  200  points  ii|  roll  poaltlon  (PHI), 
time  (TIMK)  data  ualn>;  a differential  correction,  least-squares  technique 
to  determine  the  constants  LO,  l.P,  PI,  and  PHI  I.  Kquatlon  (2)  was  then 
used  to  calculate  the  roll  rate.  Numerous  tare  danipl  ny.-dat  .r  points  wer<‘ 
obtained  (PT  = 2050,  1000,  400,  at  V - 0)  to  evaluate  the  bearing  friction. 
'Hie  rolling-moment  coefficient  at  P ■ 0,  CLO,  and  the  roll-damplnR  coef- 
ficient CU’  are  defined  as 

CLO  - (LO  - L0„)/QSD 

D 

ciJ’  - (LP  - (2v)/q.‘;d‘^ 

where  the  subscript  B denotes  bearing. 

The  Magnn.s  coefficients  (CYP  and  CLNP)  were  determined  fri'm  a linear 
fit  of  sidi-  force  and  yawing  moment  vs  PD/2V  for  each  angle  of  attack. 

The  Intercepts  of  Che  above  data  curve  fits  were  utilized  to  shift  the 
side-force  and  yawl ng -moment  data  through  zero  to  obtain  CYC  and  CLNC. 

Uotli  the  shifted  data  and  nonshlfted  data  were  tabulated. 

J.J  UNCERTAINTY  OF  MEA.SUREMENT.S 

3.3.1  CeneraJ 

The  minimum  accuracy  of  rite  basic  measurements  (I’T  and  TT) , based 
on  repeat  calibrations,  wore  lound  to  be 

- 0.0043  - 0.43X.  = 0.0082  - 0.82X 


Uncertainties  In  the  tunnel  iroe-atream  parameters  and  the  model 
aerodynamic  coefficients  were  estimated  using  the  Taylor  series  method 
or  error  propagation,  Eq . (4), 


where  AK  i.s  the  absolute  uncertainty  In  the  dependent  p.ir.uneter 

f * f (X,,  X , X.  ...  X ) and  X are  tlie  independent  parameters  (or 
I 2 n n 

ha.slc  measurements).  AX^^  are  the  unce r taint les  (error.s)  in  the  Inde- 
pendent mea.surcments  (or  variables). 

3.3.2  Tost  Conditions 

The  .accuracy  (based  on  2o  deviation)  of  tlie  basic  tunnel  parameters, 
PT  and  TT,  and  the  2o  deviation  in  Maeh  number  determined  from  test 
section  1 low  caUbratlons  were  used  to  estimate  uncertainties  in  the 
other  free-stre.im  properties  using  f^q . (4).  The  computed  uncertainties 
In  the  tunnel  free-streani  conditions  are  summarized  in  Table  2. 
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Tlio  balanco  uacu rtnlnli us  for  tho  maximum  callbraiion  loads  (see 
Table  .1)  given  in  Table  4 were  combined  with  the  tunnel  parameter 
uncertainties  using  the  Taylor  series  method  of  error  propagation 
(Kq.  4)  to  estimate  the  uncertainties  In  the  model  aerodynamic  coef- 
ficients (see  Tal>le  '>)  . 'Ibe  accuraev  In  setting  and  maintaining  a 
siuclfled  Mach  number  was  10.005.  The  uncertainties  In  the  model 
angle  of  attack  and  sector  roll  angle  were  ±0.1  and  10.2  deg,  respectively. 
The  uncertainty  In  the  model  roll  angle  was  ±20  deg  and  the  uncertainty 
of  model  roll  rate  was  l2.1  radian/sec. 


4.0  DATA  PACKACE  PRESENTATION 


The  final  data  package  Included  tabulated  data,  magnetic  tape  data, 
and  Installation  and  conf  Igiirat  Ion  documentation  pbotograpi^s  . Comparison 
of  the  ilata  with  the  reference  4'r  test  results  (AEDC-TR-76-58)  arc  pre- 
sented In  Fig.  5.  The  data  generally  agree  within  the  measurement 
uncertainty  and  tl»erefore  the  comparison  is  considered  favorable.  A 
.sample  of  the  tabulated  data  is  shown  In  Table  d. 
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TABLK  1.  TEST  MATRIX  SUMMARY 


FIN  RED  R 

CANT  X id®  X llfS 


MOniFlKD  BASIC  K INNER  MODEL 


MACH  NUMBER 


0.00 

0.00 

0 . 26 

0 . 70 

0.41 

1 . 10 

0.95 

2.50 

FIN 

CANT 


KF.l)  . 
X 10^’ 


R 

X id<’ 


BASIC  F INNER  MODEL 


MA 


0.22^'^^ 


MACH  NUMBER 


0.60^^' 


0,90' 


n.lO  0.28  1-1H.149 

0.41  1.10 

O.TS  2.00  l.S6.ir>7 

0.9.S  2..S0 


168, 169 


16;i . 164 


1 69 .161 


*Pnr1  mimbpi 
Ncit  t’H : 


(n 

RPM 

mnx 

- 

6408 . 

(2) 

RPM 

mnx 

- 

4966 

(31 

RPM 

mnx 

4364 

(4) 

RPM 

mnx 

- 

353 

(5) 

RPM 

mnx 

- 

986 

(6) 

RPM 

mnx 

- 

980 

(7) 

RPM 

mnx 

- 

1 108 

- 0,  tnr«?) 


TABLE  2 

(t)  ESTIMATED  UNCERTAINTY  IN  TUNNEL  TEST  CONDITIONS 
For  R 1.1  X 106(M-0.6  and  0.9),  and  R-2  X 106(M-0.22  and  1.15) 


♦ 

Uncer la  inty 

MACH  NUMBER  1 

0.22 

0.60 

0.90 

1 . 15 

^M 

■ 

0.006 

0.007 

0.007 

0.005 

AO 

5.95 

2.93 

1.99 

1.87 

APT 

4.30 

2.61 

2.34 

3.1-0 

APl 

4.33 

2.39 

1.99 

2.16 

ATT 

0.75 

0.75 

0.75 

0.75 

AV 

7.3 

7,7 

6.4 

4.0 

*ln  the  units  of  the  parameter 


TABLE  3 
BALANCE  LIMITS 


Ba 1 a nee 
Component 

Design 

Limit 

Calibration 

Limit 

Forward , Aft 

FNG, 

lb 

1200 

500 

Forward , Alt 

FYG. 

lb 

V40 

100 

* 6000  RPM  max  ft>r  tills  loading* 
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TAni.F  A 


(M  KSTIMATKl)  I'NCl  in  A I NTY  IN  BAl.ANCK  CALIBRATION 


Bn  1 n m r 
Compoupnt  . lb 


Type  Cinno 

I.o.nd  1 

FNG 

FYG 

2 . 00 

0.46 

0.44 

0 . 29 

6 . 43 

2 . 03 

2.14 

1.01 

• Maximum  cnllbrntion  loading 
rABl-K  r> 

it)  KSTIMATKl)  I'NC'KRTAINTY  IN  A KRODYNAM  I C I'OKFKI  (' 1 KNTS 


M,K-M 

don 


0. 1)2 


o..i7r> 

0.410 


0 . 078 
U . 080 


0 . 280 
0.  A‘17 


0 . 089 
0.091 


0 . 820 
O.  27r> 


0.188 
0 1 39 


1 . 229 

I . 1 n 


M;u'li  Numbo) 


0.00 


0.29(1 
0 . 290 


0 . 0(1  ’ 
0 . 0(1 .» 


0 . 06(1 
0.37? 


0. 160 
O , I 85 


0.353 

0.327 


0 

90 

1 

15  . . 

0 

220 

0 

lO.S 

0 

21(1 

0 

106 

0 

01 0 

0 

022 

0 

010 

0 

.022 

0 

f>or> 

0 

081 

0 

4 89 

0 

091 

0 

08 '1 

0 

025 

0 

086 

('' 

0?0 

0 

282 

0 

207 

0 

(196 

1 

074 

0. 

122 

0. 

043 

0. 

123 

0. 

820 

0. 

308 

0. 

342 

0 

297 

0 

406 

